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57 ABSTRACT 
A vehicle hydraulic system wherein there is provided a 
primary pump coupled to a steering control valve 
through which steering of the vehicle is effected. A 
main priority valve is used to meter the flow of pressur 
ized hydraulic fluid from the primary pump to either 
the steering control valve or an implement valve which 
is utilized to effect operation of auxiliary equipment, in 
accordance with the priority demands of the steering 
system. An auxiliary ground-drive pump provides a 
source of pressurized hydraulic fluid at all times the 
vehicle is in motion and is coupled to the steering con 
trol valve to provide a source of pressurized fluid when 
necessary or circulates the pressurized fluid to sump. 
The application of the output from the ground-drive 
pump is controlled by a secondary priority valve cou 
pled to the output from the ground-drive pump to direct 
the output to the steering control valve or to sump. The 
main priority valve and secondary priority valve are 
both coupled to a common pressure source which ap 
plies a predetermined pressure differential to each of the 
valves for maintaining each of the respective valves in a 
desired position. 

4. Claims, 1 Drawing Figure 
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1. 

HYDRAULIC STEERING SYSTEM WITH 
AUTOMATIC EMERGENCY PUMP FLOW 

CONTROL 

BACKGROUND OF THE INVENTION 

This invention relates in general to vehicle hydraulic 
systems and, in particular, to a hydraulic system for use 
in a vehicle such as earthmoving or construction ma 
chinery wherein the hydraulic system is utilized for 
operating the vehicle and actuating various auxiliary 
equipment or implements. 
More specifically, but without restriction to the par 

ticular use which is shown and described, this invention 
relates to a vehicle hydraulic system wherein a primary 
pump, driven by the vehicle engine or torque converter, 
provides a source of pressurized hydraulic fluid to a 
steering control valve which is utilized to effect steering 
of the vehicle. A ground-drive auxiliary pump, which is 
actuated by movement of the vehicle in either a forward 
or reverse direction, provides a back-up system for the 
primary pump to insure a source of pressurized hydrau 
lic fluid, at all times the vehicle is in motion. 

In the operation of earthmoving and construction 
machinery, due to the size and weight of the vehicle and 
the function it must perform, hydraulics are utilized to 
control operation of the vehicle such as steering and 
braking, as well as to power the various auxiliary equip 
ment or implements used with such vehicles. Such hy 
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draulic systems are utilized for convenience, control of 30 
operations, and the safety of the machine operator and 
those working in close proximity to the machine. Power 
steering and braking, as well as the operation of the 
various hydraulic powered implements, require a 
source a pressurized hydraulic fluid to perform these 
functions, which is generally provided by a pump 
driven by the vehicle engine or torque converter. How 
ever, if the vehicle engine or torque converter stops 
while the vehicle is in motion, or if the vehicle is moved 
without power, no pressurized hydraulic fluid would be 
provided through such a system. Therefore, an auxil 
iary hydraulic system must be provided to insure that 
the vehicle may be safely steered and brought to stop 
regardless of whether or not it is operating under its 
own power. 

In order to eliminate a potential safety hazard which 
might result if the primary hydraulic fluid pumping 
system is disabled or is not operating, an auxiliary or 
emergency hydraulic pumping system is incorporated 
in such vehicles. While such a system may be electri 
cally driven, such as being powered by the vehicle 
batteries, a ground-drive auxiliary pump is frequently 
utilized. Such ground-drive pumps are powered by the 
physical movement of the vehicle in either a forward or 
reverse direction, and thereby provide a source of pres 
surized hydraulic fluid at all times when the vehicle is in 
motion. Since these pumps are in continuous operation 
while the vehicle is moving, the pump recirculates the 
hydraulic fluid into a sump or reservoir until such time 

35 

45 

50 

55 

as needed for operation. In the event that the flow of 60 
hydraulic fluid from the primary pump system is not 
sufficient, then the ground-drive pump is automatically 
available for powering the vehicle's hydraulic systems. 

During normal operation, when the ground-drive 
pump is recirculating hydraulic fluid through the sump, 
it is desirable that any hydraulic fluid output from the 
primary pump which is not required by the vehicle 
steering system, be available for use by the auxiliary 
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system to power the vehicle implements. While the 
auxiliary system generally has an implement pump to 
provide a source of pressurized hydraulic fluid for the 
auxiliary equipment or vehicle implements, the combin 
ing of the unused output from the steering pump with 
the implement pump output makes for better and more 
efficient operation. However, the steering pump's pri 
mary function is to provide a source of pressurized 
hydraulic fluid for the steering system. Therefore, a 
priority valve is used to couple the primary steering 
pump to the auxiliary system to maintain an adequate 
supply of hydraulic fluid in the steering system at all 
times, with the excess pressurized hydraulic fluid being 
available for use by the auxiliary implement system. The 
priority valve meters the output of pressurized hydrau 
lic fluid from the primary steering pump to the steering 
control valve to maintain an adequate supply of hydrau 
lic fluid for use in the steering system of the vehicle. 
The pressurized hydraulic fluid not needed to maintain 
this supply to the steering system is available for use 
with the auxiliary or implement equipment of the vehi 
cle. 
While such metering priority valve systems, and 

emergency steering systems, have been used in separate 
hydraulic systems, the present invention couples two 
priority valve controlled systems in a manner to permit 
different actuating pressure differentials, used to control 
the application of a ground-drive pump system to a 
vehicle steering system and the diversion of primary 
pump hydraulic fluid fluid flow from the steering sys 
tem to an auxiliary or implement system, to be simulta 
neously controlled from a single pressure differential 
establishing source. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of this invention to improve 
vehicle hydraulic systems. 
Another object of this invention is to make more 

efficient use of the pressurized hydraulic fluid utilized in 
the vehicle hydraulic system. 
A further object of this invention is to insure an ade 

quate source of hydraulic fluid pressure is available to 
effect certain vehicle operations at all times. 
These and other objects are attained in accordance 

with the present invention wherein there is provided a 
primary pump coupled to a steering control valve 
through which steering of the vehicle is effected. A 
main priority valve is used to meter the flow of pressur 
ized hydraulic fluid from the primary pump to either 
the steering control valve or an implement valve which 
is utilized to effect operation of auxiliary equipment, in 
accordance with the priority demands of the steering 
system. An auxiliary ground-drive pump provides a 
source of pressurized hydraulic fluid at all times the 
vehicle is in motion and is coupled to the steering con 
trol valve to provide a source of pressurized fluid for 
steering when necessary, or circulates the pressurized 
fluid to sump. The application of the output from the 
ground-drive pump is controlled by a secondary prior 
ity valve coupled to the output from the ground-drive 
pump to direct the output to the steering control valve 
or to sump. The main priority valve and secondary 
priority valve are both coupled to common pilot and 
signal pressure lines such that the actuation of both 
priority valves is controlled in response to the differen 
tial pressure between these two pressure lines. During 
normal operation the primary pump will meet the flow 
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requirements of the steering control valve, and the 
ground-drive pump will recirculate hydraulic fluid to 
sump. Once a first predetermined pressure differential 
exists across the steering valve, excess flow of pressur 
ized hydraulic fluid is available through the primary 
priority valve to the implement valve for use by the 
auxiliary equipment. Upon the need for pressurized 
fluid from the ground-drive pump, which would occur 
when this first pressure differential desired to be main 
tained across the primary priority valve decreases 
below a second level, a secondary priority valve would 
be actuated to couple a sufficient flow of pressurized 
hydraulic fluid from the ground-drive pump to the 
steering control valve to re-establish a sufficient flow of 
fluid to the steering control valve. 

DESCRIPTION OF THE DRAWING 

Further objects of the invention, together with addi 
tional features contributing thereto and advantages ac 
cruing therefrom, will be apparent from the following 
description of a preferred embodiment of the invention 
which is shown in the accompanying drawing which 
illustrates a hydraulic schematic of the system. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring now to the drawing, there is shown a por 
tion of a vehicle hydraulic system including a primary 
pump 1 and an implement pump 2, both of which are 
driven by a vehicle engine or torque converter (not 
shown) to provide a source of pressurized hydraulic 
fluid. The output of the implement pump 2 is coupled 
through an implement valve 3 to provide a source of 
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pressurized fluid for use in controlling the operation of as 
various auxilliary implements associated with the vehi 
cle, such as the lifting arms or bucket of a front end 
loader. The pump 1 is used primarily to provide a 
source of pressurized hydraulic fluid to a pair of steer 
ing cylinders 4 for steering the vehicle, and has its out 
put coupled to a closed-center pressure-compensated 
steering control valve 10 through a main priority or 
compensator valve 20. 
A bi-rotational ground-drive pump 5 is also coupled 

to the steering control valve 10 to provide a source of 45 
pressurized hydraulic fluid to the vehicle steering sys 
tem at all times that the vehicle is in motion. The output 
from the ground-drive pump 5 is coupled to an emer 
gency steering priority valve or secondary compensator 
valve 30 which directs the output from the ground 
drive pump to the steering control valve 10, through 
line 31, or to a sump 6, through line 32, in response to 
the hydraulic pressure differential established across the 
steering control valve 10. 

Both the main priority valve or main compensator 
valve 20, and the emergency steering priority valve or 
secondary compensator valve 30, are metering valves. 
Each of these valves has a compensator spring 23 and 
33, respectively, having a pre-load such that upon a 
predetermined differential pressure being applied to the 
respective valves (AP1, and AP2, ), respectively, the 
valves will be maintained in a steady state or equilib 
rium position. As the actual pressure differentials ap 
plied to the valves change, these valves can adjust ac 
cordingly to increase or decrease the flow of hydrualic 
fluid therethrough, in response thereto, until a pressure 
differential has again been established to balance against 
the pre-load of their respective compensator springs. 
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4. 
The output from the main priority valve 20 is metered 

between one extreme position whereat substantially the 
entire output is directed to the steering control valve 10, 
through line 21, to another extreme position whereat 
substantially all of the output from the primary pump is 
directed to the implement valve 3, through line 22. In 
this latter position, illustrated in the drawing, a hydrau 
lic fluid pressure differential is applied to the steering 
control valve 10 sufficient to maintain the predeter 
mined pressure drop AP1 across the main compensator 
valve 20 in order to hold the valve in this position. 
Between these two extreme positions, the main priority 
valve or main compensator valve 20 meters the output 
of hydraulic fluid from the primary pump 1 to the steer 
ing control valve 10 in order to maintain the predeter 
mined pressure differential, AP1. Therefore, an ade 
quate supply of hydraulic pressure is available to the 
steering control valve 10 at all times when the primary 
pump 1 is in normal operation. The excess hydraulic 
fluid not needed to establish this pressure differential 
AP1 is passed through line 22 to the implement valve 3. 
The pilot pressure line 15 is coupled to the steering 

control valve 10 from one side of the main compensator 
valve 20, and a load sense line 16 is coupled to the other 
side of the main priority valve 20. These lines are in 
fluid communication with the steering control valve 10 
to apply the predetermined pressure differential AP1, to 
the main priority valve 20 to balance against the force 
of the pre-load established by the valve compensator 
spring 23. In this manner the main priority valve 20 
provides sufficient hydraulic fluid output to the steering 
control valve 10 so long as the pressure differential AP1, 
exists, regardless of the quantity of hydraulic fluid re 
quired by the steering system. 
When the need for pressurized hydraulic fluid 

through the steering control valve 10 increases or de 
creases, the quantity of hydraulic fluid available to the 
implement valve 3 conversely will decrease or increase, 
correspondingly. As long as this predetermined pres 
sure differential AP1 is applied to the main priority 
valve 20, it will be held in a steady-state condition, 
subject to the priority demand of the steering control 
valve 10. Such a suitable priority or compensator valve 
is known to those skilled in the art, and is sometimes 
referred to as a priority flow divider which may be of a 
type such as disclosed in U.S. Pat. Nos. 3,455,210; 
3,878,679; 3,911,942 and 4,043,419. 
The emergency steering priority valve, or secondary 

compensator valve 30, is preferably of the same con 
struction as the main priority valve or main compensa 
tor 20, except that the compensator spring 33 has a 
lower pre-load. Therefore, the pressure differential AP1 
coupled to the secondary compensator valve 30, ex 
ceeds the pressure differential AP2 required to balance 
the pre-load of compensator spring 33. In normal opera 
tion, when the vehicle engine is operating, the greater 
pressure differential AP1 required to maintain the main 
priority valve 20 in an equilibrium position, will exceed 
AP2 thereby overcoming the pre-load of compensator 
spring 33 and holding valve 30 in the position shown in 
the drawing. 

Since the ground-drive pump 5 is effective to provide 
a source of pressurized hydraulic fluid whenever the 
vehicle is moving in either a forward or a reverse direc 
tion, the output from the ground-drive pump 5 is ap 
plied to the emergency steering priority valve 30 when 
ever the vehicle is in motion. In this position, the flow 
through the emergency steering priority valve 30 is 
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such that substantially all of the flow will be directed 
through line 32 to the sump 6. In the event the pressure 
differential between lines 15 and 16 decreases below 
AP2, the pressure differential required to maintain equi 
librium with compensator spring 33, the emergency 
steering priority valve 30 will meter hydraulic fluid to 
the steering control valve 10, through line 31. 
The steering control valve 10, as shown, is a three 

position valve. When the steering control valve is in the 
center or neutral position, the pressure in pilot line 15 is 
the same as the inlet pressure to steering valve 10, and 
the load sense line 16 is coupled through the steering 
control valve 10 to the "O" pressure in the sump 6. 
Therefore, in the neutral position, where no hydraulic 
fluid is passing through the steering control valve 10, 
the pressure differential across the main priority valve 
20 is at least equal to a pressure to establish AP1. The 
main priority valve or main compensator valve 20 will 
thereby be maintained in an equilibrium position with 
the valve shifted to allow a maximum flow of hydraulic 
fluid therethrough to the implement valve 3 as shown in 
the drawing. 
When the steering control valve 10 is shifted by the 

vehicle operator to effect a steering function, either to 
the right or left of the position shown in the drawing, 
the movement of the steering control valve will deter 
mine the quantity of pressurized hydraulic fluid which 
will pass therethrough to effect movement of the steer 
ing cylinders 4. A pair of metering orifices 11 are pro 
vided in the steering control valve 10 so that regardless 
of the volume of hydraulic fluid passing through the 
steering valve, the variable orifices 11 will establish the 
desired pressure drop AP1 across orifice 11, and applied 
through pilot line 15 and load sense line 16 to both of 
the priority valves 20 and 30. Movement of the steering 
control valve 10 to the right or left of the position 
shown in the drawing will couple the pilot control line 
15 to the upstream side of one of the metering orifices 
11, and the load sense line 16 will be on the downstream 
side of the same orifice and also coupled back to the 
spring end of both the main and secondary compensator 
valves 10 and 30, respectively. Therefore, during nor 
mal operation the pressure differential AP1 will be ap 
plied to these valves at all times regardless of the quan 
tity of pressurzied fluid passing through the steering 
control valve 10. 
When the primary pump 1 is operating, the pressure 

differential between lines 15 and 16, established across 
the metering orifices 11 of the steering control valve 10, 
is sufficient to balance the main compensator valve 20 
against the pre-load of its compensator spring 23. 
Therefore, whatever quantity of fluid flow which is not 
needed by the steering system is available to the imple 
ment valve 3. This pressure differential AP1, as previ 
ously explained, is greater than the pressure differential 
AP2 necessary to balance the emergency steering prior 
ity or secondary compensator valve 30 against the pre 
load of its compensator spring 33. Therefore, the sec 
ondary compensator valve 30 will be held in the posi 
tion illustrated, so that the pressurized fluid from the 
ground-drive pump 5 is recirculated to the sump 6. If 
this pressure differential between pilot pressure line 15 
and load sense line 16 decreases sufficiently, e.g.: vehi 
cle engine failure, the net force created by the pressure 
differential will become insufficient to overcome the 
pre-load of compensator spring 33 (less than AP2) and 
the valve 30 will shift to apply the output from the 
ground-drive pump 5 to the steering control valve 10. 
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6 
Upon such an occurrence the emergency steering valve 
30 will maintain a pressure differential AP2 across ori 
fice 11. 
While the invention has been described with refer 

ence to a preferred embodiment, it will be understood 
by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements 
thereof without departing from the scope of the inven 
tion. In addition, many modifications may be made to 
adapt a particular situation or material to the teachings 
of the invention without departing from the essential 
scope thereof. Therefore, it is intended that the inven 
tion not be limited to the particular embodiment dis 
closed as the best mode contemplated for carrying out 
this invention, but that the invention will include all 
embodiments falling within the scope of the appended 
claims. 
What is claimed is: 
1. A hydraulic system wherein multiple sources of 

hydraulic fluid can be selectively diverted to perform 
system functions according to a predetermined priority 
comprising 

primary pump means for creating a first source of 
pressurized hydraulic fluid for coupling to a hy 
draulic fluid actuated system component actuable 
upon receipt thereof for performing a first priority 
function, 

secondary pump means for creating a second source 
of pressurized hydraulic fluid for coupling to a 
hydraulic fluid actuated system component actu 
able upon receipt thereof for performing said first 
priority function, 

tertiary pump means for creating a third source of 
pressurized hydraulic fluid for coupling to a second 
hydraulic fluid actuated system component actu 
able upon receipt thereof for performing a second 
priority function, 

a first priority hydraulic fluid actuated system com 
ponent coupled for fluid communication with said 
first and second source of pressurized hydraulic 
fluid from said primary and said secondary pump 
means, respectively, 

a second priority hydraulic fluid actuated system 
component coupled for fluid communication with 
said first and third source of pressurized hydraulic 
fluid from said primary and said tertiary pump 
means, respectively, 

control means in fluid communication with said first 
priority hydraulic fluid actuated system compo 
nent for establishing a pressure differential through 
said first priority hydraulic fluid actuated system 
component in response to the passage of hydraulic 
fluid to said first priority hydraulic fluid actuated 
system component, 

primary compensator valve means coupled between 
said primary pump means and said first and said 
second priority hydraulic fluid actuated system 
components for selectively coupling said first 
source of pressurized hydraulic fluid to said first or 
said second priority hydraulic fluid actuated sys 
tem components in response to said pressure differ 
ential established through said first priority hy 
draulic fluid actuated system component, 

secondary compensator valve means coupled be 
tween said secondary pump means and said first 
priority hydraulic fluid actuated system compo 
nent for selectively coupling said second source of 
pressurized, hydraulic fluid to said first priority 
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hydraulic fluid actuating system component in 
response to a predetermined decrease in the pres 
sure differential established through said first prior 
ity hydraulic fluid actuated system component, and 

said control means in fluid communication with said 
first priority hydraulic fluid actuated system com 
ponent for establishing a pressure differential 
through said first priority hydraulic fluid actuated 
system component in response to the passage of 
hydraulic fluid thereto being in further fluid com 
munication with said secondary compensator valve 
means for establishing a pressure differential 
through said second compensator valve means to 
control the coupling of said second source of pres 
surized hydraulic fluid to said first priority hydru 
alic fluid actuated component. 

2. The hydraulic system of claim 1 wherein said sec 
ondary pump means for creating a second source of 
pressurized hydraulic fluid is coupled through said sec 
ondary compensator valve means to sump means in 
response to the establishment of a predetermined pres 
sure differential through said secondary compensator 
valve means in response to the pressure differential 
established through said control means in fluid commu 
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8 
nication with said first priority hydraulic fluid actuated 
system component. 

3. The hydraulic system of claim 1 wherein said con 
trol means in fluid communication with said first prior 
ity hydraulic fluid actuated system component for es 
tablishing a pressure differential thereacross in response 
to the passage of hydraulic fluid thereto, is coupled in 
fluid communication with said primary and secondary 
compensator valve means to apply the same magnitude 
of pressure differential thereacross for effecting the 
coupling of said respective first and second sources of 
pressurized hydraulic fluid to said first priority hydrau 
lic fluid actuated system component. 

4. The hydraulic system of claim 1 wherein said con 
trol means in fluid communication with said first prior 
ity hydraulic fluid actuated system component for es 
tablishing a pressure differential thereacross in response 
to the passage of hydraulic fluid thereto, is coupled in 
fluid communication with said primary compensator 
valve means to apply said pressure differential thereto 
for selectively diverting said first source of pressurized 
hydraulic fluid from said first priority hydraulic fluid 
actuated system component to said second priority hy 
draulic fluid actuated system component. 

it is k 


